Abstract-The present article is devoted to description of some major factors influencing the danger of a pedestrian crossings zone. The review of the factors affecting the number of «vehicles -pedestrians» conflicts in the pedestrian crossing zone was performed. An example of the developed program for determining the danger level of pedestrian crossings on the main streets was given.
I. INTRODUCTION
Pedestrian crossings are the place designed for pedestrians to cross a road. It is obligatory to fulfill the requirements of some regulatory documents to provide the traffic safety [1, 2, 3] . These requirements are:
-ensuring visibility conditions; -ensuring pedestrian crossings with proper traffic management facilities; -ensuring a sufficient number of pedestrian crossings along the highway; -ensuring a sufficient width of the pedestrian crossing depending on the intensity of the pedestrian flow.
Some academic papers were devoted to the study of influence of pedestrian flow parameters and the arrangement of pedestrian crossings on the number of conflicts among them [4, 5, 6, 7, 8, 9, 10] . The author obtained the following results during the research [11, 12, 13] :
-the dependencies of the influence of certain factors on the number of conflicts in the zone of pedestrian crossings were established; -the index of danger of a pedestrian crossing was developed;
-recommendations for pedestrian crossings placement depending on the category of streets and roads were developed.
The above listed results were used for the further reference which was the development of the program for determining the danger level of pedestrian crossings.
II. RESULTS OF THE RESEARCH
A conflict is understood as the situation when drivers did not give pedestrians the first right of way at the pedestrian crossing. Such a right is granted to pedestrians on the basis of the Rules of the Road [14] .
The resulting characteristic Y is the average number of «vehicles -pedestrians» conflicts per hour expressed as the drivers' non-compliance with the requirements of the technical means of traffic organization while passing pedestrian crossings.
The factor characteristics for the signal-controlled pedestrian crossings are the following: X 1 -the length of safety fences; X 2 -the width of a pedestrian crossing; X 3 -the distance to the nearest public transport stop; X 4 -the distance between the pedestrian crossings located one after another along the highway.
The factor characteristics for zebra crosswalks are:
X 5 -the width of a pedestrian crossing; X 6 -the width of a road; X 7 -pedestrian flow intensity; X 8 -the distance to an underground walkway.
The multiplicative model for the factors under consideration and the resulting characteristic is the following: -for signal-controlled pedestrian crossings: ) (
-for zebra crosswalks:
where Y is the value of the resulting characteristic for the period of time j from the factor X i , i =1, 2,…, 8; α 1 -α 8 are weight coefficients of the factor i considered by the model.
The list of the factors for the models represented by the equations (1) and (2) is given in Table 1 To investigate the relationship among the factors included into the multiplicative model, the correlation matrices were created. They allowed to establish the existence of correlation relationships between the resulting and factor characteristics. Calculation of paired correlation coefficients was carried out using the Microsoft Excel package.
The correlation matrix for signal-controlled pedestrian crossings and the period of time from 3 pm to 4 pm is provided in Table 2 . The final number of conflicts on the signal-controlled pedestrian crossings depending on the value of the factors under consideration can be calculated as follows:
An example of the dependence of the number of conflicts on various factors included in Table 1 is shown in Figure 1 . These dependencies were obtained by processing experimental data of the survey of pedestrian crossings on the main roads of Omsk city. As a criterion for assessment of the effectiveness of measures on pedestrian crossings placement may be the danger level coefficient (C dan) of a pedestrian crossing equal to the ratio of the number of conflicts per day to the average annual number of road traffic accidents (N RTA ) at a pedestrian crossing.
where N c is the average number of conflicts per day at the pedestrian crossing, NRTA is the average annual number of road traffic accidents at a pedestrian crossing.
From the daily number of conflicts we can go to the average annual one by the following ratio:
where Nc is the number of conflicts within 1 hour in the rush hour period; β is the coefficient of daily inequality of vehicles and pedestrians intensity.
It is necessary to assess the danger of pedestrian crossings by three levels:
А -from 0 to 1 -«low level of danger» -pedestrian crossings do not need reconstruction or relocation;
B -from 1 to 3 -«medium level of danger» -pedestrian crossings need additional equipment with the necessary traffic management facilities, which will improve the traffic safety; C -over 3 -«high level of danger» -it is recommended to dismantle pedestrian crossings or move them to a safer section of the highway. 
III. RESULTS OF THE RESEARCH AND THEIR FURTHER
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− the number of «vehicles -pedestrians» conflicts; − speed of vehicles on the main streets. The condition for the first indicator is to reduce such conflicts, and for the second one -to increase the speed of vehicles on the main streets. Taking into account these targets and based on the results of the held experimental research, the recommendations can be formulated as follows:
-the distance between the signal-controlled pedestrian crossings following one after another must be set in the range from 600 to 900 m -for the main roads with regulated traffic and for transport and pedestrian roads of district status;
-the distance between the ground level pedestrian crossing and the underground crosswalk adjacent to it must be set in the range of 1000-1500 m -for the main roads with regulated traffic and for transport and pedestrian roads of district status (pedestrian flow intensity is 600-800 people/hour, the distance to a passenger transport stop -up to 130 m);
-the distance between the nearest passenger transport stop and a ground level pedestrian crossing must be set in the range from 200 to 400 m -for roads of district status (with a roadway width equal to 7-14 m);
-the value of the traffic flow speed is most influenced by the width of a pedestrian crossing; with an increase in the width of a pedestrian crossing by 1 m the speed of the transport flow decreases by an average of 2.5 km/h.
The programme «Pedestrian crossing» was created in the Visual Basic 6.0 programming environment. The structure of the program is a set of forms connected with one another by jump buttons. The program has the shell containing the system folder «SYSTEM» and the executable file «Pedestrian crossing.exe» designed to run the program, which is to display the main program window on the screen, see In the lower right corner, there is the "Next" button to go to the selection of calculation programs. In the dialog box of the program, there are some options for equipping pedestrian crossings in the road network. According to these options the method for determining the pedestrian crossing danger level is chosen (Fig. 3) . Then it is necessary to fill in the field of initial data according to the chosen method of calculation of the pedestrian crossing danger level. The list of source data varies depending on the type of pedestrian crossing arrangement (Fig. 4) . After filling in the fields of the initial data, you should click the «Calculation» button (Fig. 5) . In the dialog box of the program, you can see the results of the calculation of the pedestrian crossing danger level. In accordance with the danger level, the program forms a list of recommended measures to reduce the impact of the identified danger factors (see Fig. 6 ).
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III. CONCLUSIONS
The held studies of the influence of some factors on the danger level in the zone of pedestrian crossings allowed making the following conclusions and recommendations:
-to determine the range of the influence of certain factors on the number of conflicts occurring at pedestrian crossings; -to develop the models for defining the number of conflicts at pedestrian crossings; − to develop a criterion for assessing the danger level of pedestrian crossings; − to formulate recommendations on the location of pedestrian crossings on highways; − to develop the program for calculation of the pedestrian crossings danger level.
The application of these recommendations helps to assess the danger of pedestrian crossings, to plan some actions for traffic safety improvement (to reduce the number of conflicts), and the developed program allows one to perform these calculations with less labor costs.
